1. Introduction {#sec1}
===============

The 2019 novel Coronavirus Disease (COVID-19) pandemic poses a serious threat to global health \[[@bib1],[@bib2]\]. To control the spread of the epidemic, countries around the world have adopted a series of effective measures, such as city lockdowns, home quarantine and production suspension \[[@bib3],[@bib4]\]. These measures have achieved conspicuous results. However, these measures inevitably bring inconvenience to residents\' lives, which changes their lifestyles and further affects their health.

Sleep is an essential part of our daily life and a significant predictor of residents\' health \[[@bib5]\]. Poor sleep status has a negative impact on residents\' physical and mental health, and good sleep quality can enhance the body\'s immune defense \[[@bib6]\]. Currently, many studies and surveys have confirmed that residents\' sleep quality can be affected during the outbreak of emergent epidemics. For example, a study showed that an outbreak of the Middle East Respiratory Syndrome, which occurred in Korea in 2015, had a great impact on the sleep of medical staff \[[@bib7]\]. In the same year, a cross-sectional study conducted in Nigeria found that the most common psychological distress experienced by survivors and their relatives during the Ebola outbreak was lack of sleep due to worrying about the epidemic (33.3%; 39/117) \[[@bib8]\]. A longitudinal study, which was conducted during the SARS outbreak in Taiwan province, China, showed that nurses had poor sleep quality \[[@bib9]\]. Based on the above research evidence, we have reason to speculate that the sleep condition of the public may also be affected during COVID-19 outbreak. Before the outbreak, studies had shown that sleep was related to physiological, psychological factors and lifestyle. For instance, a previous multi-center cross-sectional study from the World Health Organization focused on the prevalence of sleep problem across eight countries in the continents of Africa and Asia, which investigated 43,935 people, found that the incidence of sleep problems varies by age and gender \[[@bib10]\]. Another study, which surveyed 6284 Chinese college students, found that perceived stress, alcohol consumption and lack of exercise had a negative impact on sleep quality \[[@bib11]\]. However, in the context of the current global COVID-19 epidemic, little research has been conducted on the sleep status of general public. Existing studies mainly focused on medical staff, and the sample sizes were relatively small \[[@bib12]\]. Research on screening for sleep disturbances among public and its risk factors is scarce.

This study aims to conduct a cross-sectional survey to investigate the sleep status of Chinese residents during the outbreak of COVID-19, and determine the related risk factors, thereby providing scientific evidence for improving sleep quality of residents during the epidemic.

2. Methods {#sec2}
==========

2.1. Ethical statement {#sec2.1}
----------------------

This study was approved by the Medical Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology. All the respondents\' participation was voluntary and informed consent was obtained.

2.2. Research design {#sec2.2}
--------------------

This research was a web-based cross-sectional study. From February 4 to February 18, 2020 (during the outbreak of COVID-19), 80 undergraduates were recruited as investigators to conduct online questionnaire survey in the communities where their family lived. The target respondents were Chinese residents over 18 years old. The questionnaire link was sent to community residents through social networks, who submitted the questionnaire online anonymously after completing it. The survey content included questions on general demographic characteristics, perception of COVID-19, self-reported health status and sleep quality. Each investigator was recommended to cover 100 residents. The final total number of respondents was 8151. The number of respondents in Hubei (the epidemic area) and other regions were 2109 and 6,042, respectively.

2.3. Measurement indicators {#sec2.3}
---------------------------

The Pittsburgh Sleep Quality Index (PSQI) was used in the present study to evaluate the sleep status. This scale consists of seven dimensions and 18 items. It evaluates multiple dimensions of sleep over a one-month period. Eighteen self-evaluation questions generate seven component scores: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medications, and daytime dysfunction. Each component is scored according to the levels 0--3. The accumulative score of each component is the total score of the PSQI. Total scores thus ranged from 0 to 21, where the higher the score, the worse the sleep quality. This study set seven points as the critical score to calculate the incidence of sleep disturbances \[[@bib13]\].

In our study, self-reported economic status was surveyed using a question, "What do you think of your current financial situation?" with four response options, "very bad", "bad", "fair", and "good". The self-perceived physical health was measured using a single question, "What do you think of your current status of health?" with three response options, "good", "fair", and "bad". The exercise status of residents during the COVID-19 outbreak was assessed by the question, "How often do you currently exercise per week? (more than 30 min at a time, eg, yoga, aerobic dance, etc.)" with three response options, "basically no or very little exercise", "once or twice a week", and "three times or more per week".

The following two questions were set to investigate the residents\' perception of COVID-19. This research evaluated residents\' perception of COVID-19\'s fatality risk by the question, "What do you think of the death toll of COVID-19?" with two response options, "High" and "Low," and residents\' perception of COVID-19\'s treatment difficulty was evaluated by the question, "How do you rate the treatment difficulty of COVID-19?" with four options, Easy, Neither easy nor difficult, Moderately difficult, and Very difficult.

2.4. Statistical analysis {#sec2.4}
-------------------------

Statistical analysis was performed using SAS version 9.2. Descriptive statistical analyses were reported as frequencies and percentages. Chi-square tests were conducted to compare the incidence of sleep disturbances between groups. Multivariable logistic regression analysis was used to analyze the associated factors of sleep disorder. Adjusted odd ratios (ORs) and 95% confidence intervals (CIs) for each variable were calculated. For all comparisons, differences were tested using two-tailed tests and *p*-values less than 0.05 were considered statistically significant.

3. Results {#sec3}
==========

[Table 1](#tbl1){ref-type="table"} presents participants\' characteristics. Of the 8151 completed questionnaires, 1714 were discarded because of too many missing data, irregularly filling or obvious logical errors. Finally, 6437 eligible questionnaires remained, and the effective rate of the questionnaire was 79.0%. The mean age of the 6437 residents was 31.40 (SD = 13.49). More than half of the participants were female (56.13%) and 55.85% of the participants had a bachelor\'s or higher degree. There were 55.48% of the participants reported good health. Of the 6437 participants, 17.23% considered perceived deaths of COVID-19 to be high, and 15.01% and 5.83% of participants thought that the treatment of COVID-19 was difficult and very difficult, respectively.Table 1Descriptive statistics for the characteristics and associations with sleep disturbances of the participants.Table 1VariablesAll ParticipantsParticipants with PSQI\>7*X^2^Pn%n%***Total**6437100.00113617.65**Region**1.7230.189Other regions479174.4382817.28Hubei province164625.5730818.71**Age**34.712\<0.0001\<30355055.1555615.6630∼39104016.1619318.5640∼49106616.5619718.48≧5078112.1319024.33**Gender**0.0080.928Male282443.8749717.60Female361356.1363917.69**Education level**25.611\<0.0001Junior middle school or below83212.9317420.91Senior middle school94114.6219020.19Associate degree106916.6121420.02Bachelor degree or higher359555.8555815.52**Marital status**17.855\<0.0001Unmarried/divorced/separated392761.0163016.04Married/cohabitation251038.9950620.16**Self-reported economic status**23.897\<0.0001Very bad4757.3810722.53Bad88313.7219321.86Fair387360.1764516.65Good120618.7419115.84**Self-perceived physical health**320.554\<0.0001Good357155.4840511.34Fair253539.3858122.92Bad3315.1415045.32**Physical exercise**22.797\<0.0001No302046.9260420.001∼2 times/week207732.2733516.133 times or more/week134020.8219714.70**Perceived death of COVID-19**76.895\<0.0001Low532882.7783915.75High110917.2329726.78**Perceived difficulty of treatment**44.512\<0.0001Easy360656.0254515.11Fair149023.1528218.93Difficult96615.0122423.19Very difficult3755.838522.67[^2][^3][^4]

The average PSQI score was 4.85 ± 3.11, including 1136 participants with a PSQI \>7, accounting for 17.65%. [Table 1](#tbl1){ref-type="table"} shows that sleep disturbances were statistically related to age, education level, marital status, self-reported economic status, self-perceived physical health, exercise, perceived death of COVID-19 and perceived difficulty of COVID-19 treatment (*P* \< 0.05). There were no significant differences in sleep disturbances among participants in terms of region and gender. The main symptoms of the 1136 residents with sleep disturbances were "cannot get to sleep within 30 min" (1026, 90.32%) and "wake up in the middle of the night or early morning" (848, 74.65%) ([Table 3](#tbl3){ref-type="table"} ).Table 2Multifactor logistic regression analysis of sleep disturbances with mutually adjusted odds ratios and 95% confidence intervals.Table 2VariablesEstimateSEOR (95% CI)**Intercept**−3.43840.2973**Area (Ref**^a^**: other provinces)**Hubei province0.04050.07761.04 (0.89--1.21)**Age (Ref: \<30)**30∼390.07940.11211.083 (0.869--1.349)40∼49−0.01540.12481.258 (0.77--1.26)≧500.34790.12751.42 (1.1--2.64)∗∗**Gender (Ref** = **male)**Female0.30230.08141.35 (1.16--1.59)∗∗∗**Education level (Ref** = **junior middle school or below)**Senior middle school0.12310.12451.13 (0.89--1.44)Associate degree0.18910.12461.21 (0.95--1.54)Bachelor degree or higher−0.03520.11190.97 (0.78--1.2)**Marital status (Ref** = **unmarried/divorced/separated)**Married/cohabitation0.12650.10151.14 (0.93--1.39)**Self-reported economic status (Ref** = **very bad)**Bad−0.04460.14440.96 (0.72--1.27)Fair−0.20360.12860.82 (0.63--1.05)Good0.02150.15351.02 (0.76--1.38)**Self-perceived physical health (Ref** = **good)**Fair0.81550.07702.26 (1.94--2.63)∗∗∗Bad1.72060.13145.59 (4.32--7.23)∗∗∗**Physical exercise(Ref** = **no)**1∼2 times/week−0.11110.07970.9 (0.77--1.05)3 times or more/week−0.26660.09710.77 (0.63--0.93)∗∗**Perceived death of COVID-19 (Ref** = **low)**High0.54790.09561.73 (1.43--2.09)∗∗∗**Perceived difficulty of treatment (Ref** = **easy)**Fair0.27580.08931.32 (1.11--1.57)∗∗Difficult0.45030.10021.57 (1.29--1.91)∗∗∗Very difficult0.29550.14641.34 (1.01--1.79)∗[^5][^6][^7][^8]Table 3Main symptoms of the residents with sleep disturbances (***n*** = 1136).Table 3Symptoms*n%*Cannot get to sleep within 30 min102690.32Wake up in the middle of the night or early morning84874.65Have to get up to use the bathroom73965.05Cannot breathe comfortably49743.75Cough or snore loudly61454.05Feel too cold75866.73Feel too hot53346.92Had bad dreams65257.39Have pain54547.98Other reasons71763.12

[Table 2](#tbl2){ref-type="table"} demonstrates the factors contributing to the occurrence of 6437 residents\' sleep disturbances surveyed in 2020. The result of a multifactor logistic regression analysis showed that those participants who were older (OR = 1.42, 95% CI: 1.1--2.64), who were female (OR = 1.35, 95% CI: 1.16--1.59); who reported fair (OR = 2.26, 95% CI: 1.94--2.63) or bad (OR = 5.59, 95% CI: 4.32--7.23) health, who believed COVID-19 had caused a high number of deaths (OR = 1.73, 95% CI: 1.43--2.09), who thought COVID-19 was not easy to cure (Fair, OR = 1.32, 95% CI: 1.11--1.57; Difficult, OR = 1.57, 95% CI: 1.29--1.91; Very difficult, OR = 1.34, 95% CI: 1.01--1.79) were more likely to experience sleep disorders. In addition, compared with those who do little or no exercise, people who exercised regularly every week were less likely to experience sleep disturbances (OR = 0.77, 95% CI: 0.63--0.93).

4. Discussion {#sec4}
=============

To the best of our knowledge, this study is the first large-scale investigation to explore the prevalence and associated factors of sleep disorders in Chinese residents during the epidemic of COVID-19. The results of this study showed that during the outbreak of COVID-19, 17.7% of the Chinese residents had poor sleep quality. Residents who reported poor physical health, who believed that current situation of the epidemic was serious had a higher risk of experiencing sleep disturbances. Regular exercise was a protective factor of sleep quality. The results of this study provide data support for knowing the potential factors of sleep disorders among residents during the outbreak of COVID-19, and for helping to implement targeted interventions.

In this study, nearly one-fifth of participants had sleep disorders (17.7%). Prior to the COVID-19 outbreak, many studies on sleep quality of Chinese residents have been reported. For example, an epidemiological survey conducted in Tianjin in 2019 showed that 13.2% of adult residents had sleep disorders \[[@bib14]\]. Surveys conducted in Xuzhou City and Liaoning Province in 2013 showed that the incidence of sleep disturbances was 8.96% and 11.59%, respectively \[[@bib15],[@bib16]\]. Although the incidence of sleep disorders in this study is higher than that reported in the above studies, it is difficult to directly compare with the above results due to the changes in the study population. To some extent, this result indicates that emergent infectious diseases have a negative impact on sleep quality of Chinese residents. Previous studies demonstrated that emergency public health incidents could increase anxiety, depression and stress levels in general population and these negative emotions would have an influence on sleep quality \[[@bib17], [@bib18], [@bib19], [@bib20], [@bib21]\].

This study found that the elderly or female residents were more likely to experience sleep disorders. These findings are consistent with previous extensive epidemiological studies, which have shown that the incidence of sleep disorders increased with age \[[@bib10],[@bib22]\], and women had worse sleep quality than men \[[@bib10],[@bib23],[@bib24]\]. In addition, this study found that self-perceived health condition was an important factor affecting residents\' sleep quality during the COVID-19 outbreak. Residents with self-perceived poor health had a significantly increased risk of experiencing sleep disorders. This finding suggests that during the epidemic, special attention should be paid to those who were more concerned about being infected due to their self-perceived poor health condition. This group of people is prone to negative emotions such as anxiety and depression \[[@bib17], [@bib18], [@bib19], [@bib20],[@bib25]\], which can lead to further sleep problems \[[@bib21]\]. In addition, due to strict quarantine measures during the epidemic \[[@bib3],[@bib26]\], residents were facing problems of inconvenience to seek medical treatment, which would aggravate their concern about being unable to seek medical treatment in time when they were sick, thus exacerbating negative emotions of people who were in poor health and affecting their sleep quality. It suggests that although quarantine measures are effective for controlling the spread of major infectious diseases during outbreak, the basic health service needs of residents should also be guaranteed.

This study reconfirmed protective effects of exercise on residents\' sleep quality during the COVID-19 epidemic. Previous studies have analyzed protective mechanisms of exercise on sleep conditions in different populations \[[@bib27], [@bib28], [@bib29]\]. To contain the outbreak and spread of the disease, China adopted strict preventive and control measures such as isolation of close contacts and city lockdowns during the outbreak \[[@bib3],[@bib4]\], which will inevitably restrict travels and outdoor exercise of Chinese residents. Therefore, in official epidemic prevention and control propaganda, it is supposed to increase suggestions on scientific and reasonable exercise for individuals, including the location, frequency and intensity of physical exercise, so as to assist the public in choosing appropriate indoor exercise to improve their sleep conditions.

Additionally, this study found that residents\' awareness of severity of the epidemic was associated with their sleep quality. Residents who perceive a high death risk and treatment difficulty of the COVID-19 have an increased risk of experiencing sleep disorders, which is consistent with earlier study results. Moldofsky et al. \[[@bib30]\], confirmed that sleep disorders experienced by SARS survivors were caused by factors such as worry and uncertainty about the epidemic situation. It suggests that government should provide accurate epidemic information during the outbreak to reduce negative effects of rumors, and to alleviate residents\' worries about difficulties of controlling the epidemic. It is supposed to adopt appropriate risk communication methods, and use various forms of publicity and education channels, such as establishment of epidemic expert forums and consulting platforms, which could publicize and explain the disease hazards to the public, emphasize the curability, improve public knowledge about the disease, help the public to understand the situation of COVID-19 rationally, and guide residents to take effective prevention and control measures, thereby reducing panic and anxiety caused by residents\' uncertainty and lack of knowledge.

There are several limitations in this study. First, this study is a cross-sectional study, thus we cannot establish a causal relationship between sleep disorders and related risk factors. Second, due to the influence of the epidemic, it is not appropriate to conduct face-to-face investigations. Therefore, an online questionnaire was used to conduct the survey, resulting in more young people and highly educated people who were better at using mobile phones among the respondents, which may underestimate the incidence of sleep disorders. In addition to the factors investigated in this study, there are other related factors that may affect sleep (eg, caffeine intake \[[@bib31]\], obesity \[[@bib32]\], chronic diseases \[[@bib33]\] etc.). Considering the patience of residents in filling in questionnaires and the richness of questionnaire contents, we did not investigate too many related influencing factors in order to ensure the highest quality of questionnaire filling, which led to the shortcoming of this study.

5. Conclusion {#sec5}
=============

This research provided scientific evidence for knowing the sleep quality of Chinese residents during the COVID-19 outbreak and its associated factors by administering a nationwide cross-sectional survey. This study showed that nearly one-fifth of participants had poor sleep quality during COVID-19 outbreak. It is thus necessary to pay more attention to the elderly and people with poor health conditions. Practical indoor exercise programs should be designed for general public, which could improve their sleep quality. Moreover, during an epidemic outbreak, the government should adopt appropriate risk communication methods, expand publicity and education, and enhance residents\' rational understanding of COVID-19, so as to relieve psychological pressure and alleviate residents\' sleep problems.
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